Introduction Despite substantial progress made over the past 15 years [1] , an estimated 5.9 million underfive children died in 2015, worldwide [2] [3] [4] . The burden will remain high in low-income countries of Sub-Saharan Africa (SSA), where it is projected that, by 2030, approximately 3.8 million children will continue to die due to avertable risks before their fifth birthday [5] . To improve the progress in this regions, the United Nation's Sustainable Development Goals (SDGs) set a new target to reduce under-five child mortality to 25 per 1000 live-births by 2030 [6] .
Preventing and protecting children from becoming ill is an important measure to reduce child deaths. However, some studies highlight a number of environmental and socioeconomic risk factors such as education level of the mother, wealth status, residence location, and place of delivery being associated with child morbidity and eventually, that could eventually deaths [7] . Furthermore, few studies reported hidden factors such as children belonging to mothers who are exposed to intimate partner violence (IPV) victimization having the higher risk of emotional, behaviour problems and overall childhood illness such as fever, cough accompanied with difficult and/or fasting breathing (acute respiratory infection) and diarrhoea [8] .
The World Health Organization (WHO), defines IPV as the behaviour by an intimate partner or ex-partner that causes physical, sexual or psychological harm, including physical aggression, sexual coercion, psychological abuse, and/or controlling behaviours [9, 10] . Approximately, 30% of women worldwide experience one or more forms of IPV victimization [11] , meanwhile, recent evidence points that, exposure to IPV victimization have significant negative consequences not only to the women health [12, 13] but also to their children health [8, 14] . Exposure to IPV victimization during pregnancy has been associated with detrimental newborn outcomes such as prematurity and/or low-birth-weight [15] [16] [17] [18] . Furthermore, women exposed to IPV victimization experience challenges in meeting essential needs for their children resulting in poor breastfeeding [19] , underimmunization [20] , and malnutrition [21, 22] . All these factors not only compromise the immune system of young children but also are known risk factors related to child morbidity and mortality [23, 24] .
Regional wise, there is a close correlation between the prevalence of IPV victimization and child morbidity; regions with high prevalence of IPV victimization also have reported high rates of child morbidity and mortality [5, [25] [26] [27] [28] . In Tanzania, recent studies indicated that the prevalence of IPV victimization range between 15 to 78% [29] [30] [31] [32] [33] while under-five mortality rate is 67 deaths per 1,000 live births [33] , comparatively higher than the global statistics [11, 34] . Therefore, exposure to IPV victimization might have a direct or indirect association with child mortality [35, 36] or rather morbidity that could lead to mortality [24, 37, 38] . This hypothesized association between IPV victimization and under-five morbidity was evidenced by previous studies [7, 8, 14] . However, under-five are classified into five major group based on period after birth as neonatal (0-29 days), post-neonatal (1-11 months), infant (0-11 months), child (12-59 months) , and under-five (0-59 months), yet there is lack of studies that tried to point out which exactly age group of under-five is more vulnerable to morbidity when their mothers exposed to IPV victimization. Therefore, the current study used a stratified analysis method on a pooled 2010-2016 Tanzanian national surveys to identify which exactly age groups of under-five is more vulnerable to morbidity that could lead to mortality when their mothers are exposed to IPV victimization.
Materials and methods

Data source
The current study pooled and analyzed data from 2010 and 2016 Tanzania Demographic Health Surveys (TDHSs) datasets. The TDHS surveys were undertaken by Tanzania's National Bureau of Statistics (NBS) in collaboration with the Office of the Chief Government Statistician (OCGS), Zanzibar, the MoHCDGEC, Tanzania Mainland, and the Ministry of Health (MOH), Zanzibar. Technical support for the survey was provided by ICF International under the DHS program. The TDHSs have been conducted after every four years with the aim of improving the health of Tanzanian. The datasets for the surveys are available upon request from Measure DHS program at http://dhsprogram.com/data/available-datasets.cfm
Study sample and sampling technique
The TDHSs employed two-stage cluster sampling techniques. At first stage (level 2), the primary sampling units (a total of 475 and 608 clusters in 2010 and 2016 surveys respectively) were selected from a sampling frame consisting of enumeration areas delineated by the 2002 and 2012 Tanzania Population and Housing Census [39] . In the second stage (level 1), a systematic selection of individuals (woman aged 15-49 years) in the households from the selected clusters was performed. The selected women were deemed eligible to complete the women questionnaire on maternal and child health behaviour as well as their outcome. Furthermore, one woman per household was randomly selected for domestic violence module to respond on addition interview regarding IPV by her husband/partner. The sampling methods used in the current study have been explained in detail elsewhere [33, 40] . In total information of 23,405 women were collected: 10,139 women from 2010 and 13,266 women from 2016, yielding a response rate of 96% and 97% respectively.
Information regarding child health and morbidity was obtained from 17,187 singleton livebirths babies, of which 7,667 and 9,520 live-births were from 2010 and 2016 surveys respectively. Live-births from women who were never married (742) and babies who were born three years and more (2,806) before the survey were excluded. Finally, a total of 13,639 singleton live-births within three years prior to interview dates were pooled from 2010 and 2016 surveys and included for further analysis (Fig 1) .
Measurement of variables
Outcome variable. The mothers were asked whether their child had been ill with fever, diarrhoea or a cough accompanied with difficult and/or fast breathing in the two weeks prior to surveys. Then, child morbidity was computed as a dichotomous "yes" and "no" variable. The "yes" category for a baby reported to experience any of the mentioned three main symptoms (a cough, fever or diarrhoea) and "no" category for a baby reported not to have experienced any of the mentioned symptoms two weeks prior to the interview dates. This method of having never been exposed to such violence. Sexual violence was measured using three item questions: (i) physically forced to have sexual intercourse even when she did not want to; (ii) physically forced to perform any other sexual acts she did not want to; and (iii) being forced with threats or in any other way to perform sexual acts she did not want to. This was categorized as "Yes" for a baby whose mother reported to have ever been exposed to any form of sexual violence from her husband/partner and "No" if the mother has never been exposed to any form of sexual violence. Finally, If a mother reported having been exposed to any form of violence; emotional, physical or sexual violence from her husband/partner, it was categorized as "Yes" for IPV victimization and vice versa.
Other covariate variables. Level 2 (cluster) variables: geographical cluster zone was coded as "Central" for cluster located in the Dodoma and Singida regions, "Coastal" for cluster located in the Dar es salaam, Pwani, Tanga, and Morogoro regions, "Lake" for clusters located in the Kagera, Mwamza, Mara, Simiyu and Geita regions, "Northern highlands" for clusters located in the Arusha, Kilimanjaro and Manyara regions, "Southern" for clusters located in the Lindi, Mtwara and Ruvuma regions, "Southern Highlands" for clusters located in the Iringa, Mbeya, rukwa and Njombe regions, "Western" for clusters located in the Tabora, Shinyanga and Kigoma regions, and "Zanzibar" for clusters located in the Unguja North, Unguja South, Town West, Pemba North, Pemba South. The residence was coded as "Urban" for clusters located in cities, municipalities and town councils gazetted under the Local Government Act, 1982 [42] , and "Rural" for clusters that were located outside the urban areas.
Level 1 (individual) variables: sex of the baby was coded "0" for male and "1" for female. Place of delivery was coded "0" for babies born within health facilities and "1" for babies born in other places outside health facilities. Mode of delivery was coded "0" for babies born through normal (spontaneous vaginal) delivery and "1" for babies born through caesarean section. Age of the mother was coded "0" for age between 15 to 19, "1" for age between 20 to 34, and "2" for age from 35 to 49. Mother education level was coded "0" for babies whose mothers had no education, "1" for babies whose mothers had primary level, "2" for babies whose mother had secondary level or higher. Mother working status was coded "0" for babies whose mother not working "1" for babies whose mothers were self-employed and "2" for babies whose mothers were employed. Father's education level was coded "0" for babies whose fathers had no education, "1" for babies whose fathers had primary level, "2" for babies whose father had secondary level or higher. Father's working status was coded "0" for babies whose father did not working, "1" for babies whose fathers were self-employed, and "2" for babies whose fathers were employed. Marital status was coded as "0" for babies whose mother was married or living together with her spouse and "1" for babies whose mother was formerly married but current not living with her spouse. The number of living children was coded as "0" for babies whose mother had 1 or 2 living children, "1" for babies whose mother had 3 or 4 living children, "2" for babies whose mother had 5 or more living children. Wealth index was computed based on household assets and housing characteristic information, that was collected in 2010 and 2016 TDHS Household Questionnaire that covers information about household ownership of a number of consumer items, ranging from a television to a bicycle or car, as well as information on dwelling characteristics, such as source of drinking water, type of sanitation facilities, and type of materials used in dwelling construction. Each asset was assigned a weight (factor score) generated through principal component analysis, and the resulting asset scores were standardized in relation to a standard normal distribution with a mean of 0 and standard deviation of 1. Each household was then assigned a score for each asset, and the scores were summed for each household. Individuals were ranked according to the total score of the household in which they resided. The distribution is then divided into five equal categories (quintile), each with 20% of the population, as "poorest, "poorer", "middle", "richer", and "richest". However, in this study, we recategorized the wealth index as "Poor" for those fall under poorest and poorer quantiles and "Middle" for those fall under middle quantile and "Rich" for those fall under richer and richest quantiles.
Statistical analysis
Initially an unadjusted logistics regression was fitted to examine whether there is association between outcome variable (under-five morbidity) and primary independent variables (emotional, physical, sexual, and any kind of IPV victimization), and other covariates at the cluster level (level 2) and the individual or household level (level 1). Furthermore, we stratified underfive age into neonatal, post-neonatal, and childhood age and then performed separate unadjusted logistic regression so that we increase the chance of detecting any variable that could possibly be associated with the outcome variable. Thereafter, all primary independent variables and other covariates that showed association with P<0.2 at any of defined strata age group of under-five were eligible for inclusion in the multivariate analysis.
During multivariate analysis, the multilevel logistic regression models with random intercepts were used to assess the association of each primary independent variables and outcome variable by adjusting, first with individual (level 1) covariates, second with cluster (level 2) covariates, and finally both individual and cluster covariates. However, the variable "Year of survey" was introduced at level 1 so that to differentiate between the 2010 and 2016 study participants. Last, the age-specific stratified multilevel logistic model was fitted to identify which specific age groups were more affected by the observed association between under-five morbidity and exposure of mothers to IPV victimization. All models were fitted by using a stepwise (backward) elimination method and P<0.05 was taken to indicate statistical significance. The odds ratios (OR) with their 95% confidence intervals for each variables were computed and used to measure the association on the outcome variable. All statistical analyses were performed using Stata 14 (StataCorp, College Station, TX). The "svy" set command was used to adjust for the complex sampling design used by TDHSs. All estimates were weighted to correct for non-responses and disproportionate sampling. The generalized variance inflation factor (VIF) was performed to test for multicollinearity, which usually should not exceed 5. In this analysis no any variable presented with VIF>2.0, suggesting no any suspicions for multicollinearity.
Ethical considerations
The present study was based on an analysis of existing public domain (The 2010 and 2016 TDHS) survey datasets that are freely available online with all identifier information detached. The TDHSs were approved by Tanzania's National Institute for Medical Research (NIMR), the Zanzibar Medical Ethics and Research Committee (ZAMREC) and the Institutional Review Board of ICF International in the USA. Therefore, the ethical approval for the current analysis was automatically deemed unnecessary. The informed consent was requested and obtained from the respondents after adequately informed about all relevant aspects of the study, including its aim and interview procedures. All respondents, who accepted to participate in the surveys, were provided a signed written informed consent. Table 1 presents a summary of the background characteristics of the study participants. A total of 13,639 singleton live-births babies within three years prior to interview dates from the ever- Reported main symptoms and morbidity among under-five children in the study Table 2 shows the results of unadjusted logistic regression analyses for the association between all forms of IPV and under-five morbidity. Results also show other covariates associated with under-five morbidity. For the neonatal period, results showed no association between exposure to any form of IPV and neonatal morbidity. Furthermore, no any covariate showed a significant association with morbidity within this age stratum. Additionally, all forms of IPV (emotional, physical, sexual, and any kind of IPV) showed a significant association with increased risk of post-neonatal, childhood, and under-five morbidity. Similarly, under-five children from clusters geographically located in the coastal, lake, and southern zones and those from urban residence had a higher risk of childhood and under-five morbidity compared to those coming from the central zone and rural residence respectively. Having a mother with secondary/above education level, employed and in the rich wealth index had the higher risk of pre-neonatal, childhood and under-five morbidity compared to their counterparts. Mothers' age 20 years or higher and having a mother with three or more living children was associated with low risk of post-neonatal, childhood, and under-five morbidity. Table 3 presents results of the three models that assess the association between all forms of IPV victimization and under-five morbidity, in which model 1 adjusted by level 1 (individual) covariates, model 2 adjusted by level 2 (cluster) covariates, while model 3 adjusted by both level 1 and 2 covariates. In all the three models we found that exposure of a mother to any form of IPV victimization was significantly associated with under-five morbidity (model 1: AOR = 1.47; 95%CI, 1.13-1.91, model 2: AOR = 1.48; 95%CI, 1.14-1.92, and model 3: AOR = 1.48 95%CI, 1.14-1.92). However, no significant association was observed between specific forms of IPV victimization i.e emotional, physical or sexual violence, with under-five morbidity. Specific under-five age group affected by exposure to IPV victimization Table 4 presents the results of model 4 that assessed which specific under-five age group is affected with a mother's exposure to IPV after adjusting with level 1 and 2 covariates. The model revealed that among under-fives, those at post-neonatal period (AOR = 1.50; 95%CI, 1.21-1.86) and childhood period (AOR = 1.40; 95%CI, 1.24-1.57) were significantly associated with childhood morbidities when their mothers' exposure to any form of IPV, whereas those in the neonatal period (AOR = 4.90; 95% CI, 0.04-39.15) were not significantly associated with such kind of morbidities.
Results
Background characteristics of study participants
Association between IPV victimization and under-five morbidity
Discussion
To the best of our knowledge, the current study is the first to use a stratified analysis method on a pooled Tanzania nationwide surveys to determine the effect of mother's exposure to IPV victimization on age groups specific under-five morbidity that could lead to morbidity. In this analysis of data on child health and morbidity of nearly 14000 singleton live-birth under-fives of the most recent birth within three years prior to surveys interview dates, we found that nearly one-third of under-five with morbidity; their mothers were exposed to either emotional, physical, or sexual violence from their husbands/partners. Furthermore, the final stratified model revealed that mother's exposure to IPV victimization increased vulnerability to morbidity among under-fives in the post-neonatal and childhood period. The observed reasonable proportion of under-five with morbidity in this analysis is in agreement with the findings of a previous study conducted in South Asia which pooled data from three countries namely, Bangladesh, India, and Nepal [41] . This similarity of the findings might be due to the use of the same technique in defining the outcome variable morbidity. Effect of intimate partner violence victimization on child health Both studies used the presence of fever, diarrhoea or a cough as the measures of under-five morbidity. Also, these studies used data from nationwide surveys collected through the DHS programs which employ a similar methodology in both studies. However, the proportion of morbidity observed in these studies was lower compared to the proportion reported by another study conducted in rural areas of Tamil Nadu, South India [43] . This high proportion observed in the later study might be due to the inclusion of many symptoms such as a cough, cold, sore throat, fever, diarrhoea conjunctivitis, otalgia, and alopecia; and if a child suffered at least one episode of the included symptoms in the previous month prior to survey was regarded as having childhood morbidity. The number of symptoms included as indicators of childhood morbidity is likely to ultimately influence the proportion of morbidity in a given sample. The current study found that high proportion of under-fives mothers who were ever-married reported experiencing any kind of IPV victimization in their lifetime. This finding is consistent with earlier studies conducted in Tanzania [31, 32, 44] and other SSA countries such as Ethiopia [45, 46] , Nigeria [47] [48] [49] , Uganda [50] [51] [52] , and Zambia [53] . The observed high proportion of IPV victimization in the current and previous studies ranked African women as the mostly subjected to lifetime IPV victimization than other women anywhere in the world. This high proportion might be contributed by common factors that are found worldwide such as alcohol use, low socioeconomic status, and multiple sexual partners, but in addition, women in Africa suffer more burden due to cultural beliefs and traditions that promote men's hierarchical role in sexual relationships especially in marriage [26, 54, 55] .
In Africa, women have the high responsibility in the family taking care of the children health including feeding, post-natal visits for child immunization, and seeking medical care in case of illness [56] . Therefore, when these women are exposed to IPV victimization, it Effect of intimate partner violence victimization on child health compromises children's well-being and even survival [20, 24, 26, 57] . The findings of the present study (model 1-3) indicated that the odds of reporting morbidity were nearly 50% higher among under-fives whose mothers were exposed to any kind of IPV victimization than those whose mothers were not exposed. Similar findings have been reported in previous studies conducted in low and middle-income countries [8, 24, 41] . The similarity of the findings between these studies might be due to similar socio-economic and geographical factors that are likely to influence both exposures to IPV victimization and childhood morbidity within low resource settings. Also, both studies used a cross-sectional design and similar symptoms to measure childhood morbidity. This observed association could be explained largely by reduced parental care due to mental health symptoms and social pressures related to IPV victimization [58] [59] [60] [61] . A mother victim of IPV could have reduced attention to the health and welfare of her children manifesting in the form of inadequate breastfeeding practices and poor participation to childhood disease preventive measures (immunization) [19, 20, 57, 62] , which ultimately increase the risk of child morbidity and mortality [63, 64] . Furthermore, exposure to IPV victimization could directly cause injury, maltreatment of children or psychological stress that might cause poor physiological conditions which increases risk morbidity to children [41, 65, 66] . Despite the observed strong association between mother's exposure to any form of IPV victimization and childhood morbidity, the association was not statistically significant when looking at specific forms of IPV victimization separately i.e. emotional, physical or sexual violence. Limited studies have investigated age group specific vulnerability to childhood morbidity in relation to mother's exposure to IPV victimization. The analysis in the current study further explored this, by stratifying under-five children into neonatal, post-neonatal and childhood period. Findings from the fitted stratified model 4 indicated that a mother's exposure to IPV victimization had more impact on under-five morbidity for children in the post-neonatal and childhood period but the model failed to confirm or not this association during the neonatal period. In most cultures, during the neonatal period, mothers are considered not physically fit and very likely stay attached to the newborn. Also, during this period, pre-term maternal immunity (in utero antibody transmission) and post-term immunity (breastfeeding antibody transmission) may play a significant protective role against infectious agents, hence reduce the risk of episodes of fever, diarrhoea, and cough with difficult or/and fast breathing [7] . On top of being detached from their mothers who were victimized with IPV, under-five in post-neonatal and childhood period, their maternal immunity start to decline, start getting supplementary food, and they start being actively mobile, crawling and playing as well as interacting with other children which may increase the risk of infection especially when they are not being under a close watch and care of their mothers due to her exposure to IPV victimization.
Aside from IPV, the current study found other risk factors associated with under-five morbidity. Contrary to our expectation, the current study found that being in poor household and mother with a low level of education were not more uniquely risk factors for under-five morbidity. The similar controversial finding has been reported elsewhere; a study in Bangladesh that assessed the association between IPV and sexually transmitted diseases (IPV) found that poverty and illiterate women who experienced IPV victimization were less likely to develop STI [12] . Hence, this may consolidate the observed finding that exposure to IPV victimization plays a significant role in under-five morbidity regardless of education and wealth index background within the family. However, the importance of this finding needs to be underscored. Findings further show that under-five belonged to young mothers (20-34 years) and those with more than three living children in the household were less likely to report morbidity compared to their counterparts. As the burden of caring for children increases, coupled with increasing age of the mother both are more likely to be the reason for increased IPV victimization which consequently increases a child's vulnerability to childhood morbidity as observed in the current study. On the other hand, young women are by comparison physically fit than old women; this could buffer the impact of IPV victimization on their availability to care of their children irrespective of the number of children around. Finally, this study found that over the past six years the odds showed significant reduction of under-five morbidity in Tanzania. The observed reduction might be explained by the increased coverage and access to maternal and child health services as well as utilization of health services over the past six years [33, 40] .
The current study is the first to use the pooled 2010 and 2016 Tanzania nationwide surveys with a representative sample of the average response rate of 97% to assess the association between IPV victimization and under-five morbidity. Findings are relevant in informing policy because they are based on current data that reflect the actual situation in Tanzania and countries with similar characteristics. The study used a stratified multilevel analysis, which took into account the effect of clustering and weighting to provide actual estimates of association by considering specific age groups of under-five. Included only births within three years from the ever-married women on each survey and therefore minimizing the role of recall bias as a possible alternative explanation of observed association. However, this study has some important limitations, being a cross-sectional study, it failed to explain causality assumptions; therefore, the results should be interpreted with caution. The information about IPV victimization was one-sided self-reported by women respondents only that cannot be confirmed by their husband/partners, this might have introduced a random misclassification bias of exposure, which is likely underestimated the observed association.
Conclusion
This analysis revealed that IPV victimization is still a major and public health problem in Tanzania that threatens child health. The findings confirmed that exposure to IPV victimization strongly associated with under-five morbidity during the post-neonatal and childhood period. There is a need to introduce screening for IPV victimization in maternal and child care for effective monitoring and prevention of the problem. Further research within the region with adequate sample size is highly needed to confirm whether or not this association exists during the neonatal period.
